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of the fountains of the refrigerated drinking water J ■/. em in the plant th 
Atlas Portland Cement Compan Hannibal, Mo,, showing < ' method of 
"looping" to provide continuous circulation. The lines are 

insulated with Nonpareil Cork Co ring 



oA Good 

'Drink of Water 





LL who provide buildings of any kind for human occupancy are 
under the necessity also of providing three essential elements 
without which man cannot live properly or work efficiently, 
namely, light, air, and water. Abundant as these are in Nature, the 
artificial conditionsof modern building require special provision in order 
that they may be available in adequate quantity and of good quality. 

While the illuminating engineer and the ventilating engineer 
have made invaluable contributions to the improvement of comfort, 
health, and efficiency through the proper distribution of light and 
air, the matter of drinking water, though by no means neglected, 
has not until recently received as careful attention as its importance 
deserves. The supply may be wells, piped city water, ice water 
tanks, or bucket-and-dipper distribution, and except in the most 
modern buildings, the system, if any, is usually haphazard. 

Good Water a Necessity 

Good water is a necessity; plenty of water a positive benefit. 
Most of us drink too little of it, principally because it is not always 
as readily accessible as it should be, and often because we are not 
sure of the source and quality or find the temperature distasteful. 
Guests in hotels, tenants of office buildings and apartments, visitors 
to public buildings, students in schools, and workers in shops, stores, 
mills, and factories are entitled to easy access to cool, wholesome, 
palatable water. It is just as much to the interest of the owner or 
management to provide such supply as it is to furnish good light, 
fresh air, and proper lavatory facilities. 

Good Water and Good Will 

It is not enough merely to supply water that can be used for 
drinking. When a man is thirsty, he wants good water, cold enough 
to refresh and satisfy. If what he gets is warm, or in any way dis- 
tasteful or disagreeable, he resents it, and his resentment, if con- 
tinued, may easily become a fruitful source of trouble. 

The hotel guest who must choose between drinking the lavatory 
water or ringing — and waiting — for ice water in a pitcher will very 
likely go to another hotel on his next trip, and spread his dissatisfac- 
tion among others. Cold, clear water instantly available in a hotel 
room is a source of good will which no management can afford to 
overlook. The same is true of public and office buildings. 

In industrial plants, the failure to furnish a proper supply of 
drinking water has even more serious results, for it may easily be 
the direct cause of lowered production through inefficiency and sickness 
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layoffs, and is certain to create discontent which leads to ill will and 
high labor turnover. A mill or factory, on the other hand, in which 
good, cold water is always easily available will, other things being 
equal, inevitably attract and hold the better class of employees and 
profit accordingly from their good will and contentment. 

The supply of good drinking water is therefore not only a humani- 
tarian policy, but it is also economically profitable. A well-designed 
system actually costs less to operate than the haphazard methods 
often used, and pays returns which, while they may be difficult to 
estimate, are none the less real and substantial. 

'Pioneering a New Field 

Some 20 years ago this Company became interested in drinking 
water supply and undertook a thorough investigation. The) 
realized, as did many building and industrial managers, that the 
methods in use were crude and uneconomical. Their familiarity with 
the field of refrigeration suggested the remedy and their natural 
desire to develop a new market for Nonpareil Cork Covering supplied 

the incentive. 

\t that tunc, no one knew how much water industrial and office 
workers were to inning, and no one outside of medical circles knew 

how much the\ shot consume to maintain health and efficiency, 
or what the temperature of drinking water should be. The whole 
subject was shrouded in misinformation and indifference. There was 

nothing to work from in the wa\ of records or accurate knowledge. 

From medical societies and health laboratories, the Company's 
engine rs ascertained the amount of water normally required by tin 
human bod) under different working a\\(\ temperature conditions, 

aid the temperature at which water should be drunk to be most 

inviting, refreshing and wholesome. Through the cooperation ol a 

number of progressivi indu 'rial executives. the\ investigated 

conditions in s lull . ,,| mills and factories insofar as tin had a 

checked the amount of watei COn- 




bearing on water supply. The\ 
Mimed: observed the reactions of workers to water oi different tem- 
peratures: measured tin. distances from work benches to 6UDpl) . 

recorded tin- time- spent in ,uoing to and from the drinking places; 
calculated the cost ol water suppl) undei the many systems in m 
in short, they did what had newer been done before madi i complete 

and detailed surve) ''I the whole field of industrial drinking watei 
distribution. Vnd with these data in hand, they then set about to 

hi efficient, safe, and t onomical system to repl the hap- 

h. i/. ml. i ' nsive, and uneconomical methods generally used. 

iJevelopment of the Modern System 

Simple as is the present refrigerai : system, its development 
ime onl\ aftei si eral \< is <>\ intensive res< h and experi 
mental work. \ I ume, velocities, pipe sL id piping layout, 
outlet their location, pump and tank equipment, re- 

frigeration and i »ulatton, all wen rked out >n a basis 
■ -I maximum effkienc) and morny. thoroughl) 



The cooling and pumping equipment for 

the drinking water system of the Gen- 
eral Motors Building., Detroit. 
Nonpareil Cork Covering, can- 
vas and paint finish 



One of the corridor 
fountains in the 
General Motors 
Building 





was this task accomplished and so completely was every phase of the 
problem covered that much of the present knowledge of refrigerated 
drinking water systems is based on the tacts disclosed, the methods 
developed, and the data supplied through the work begun and con- 
tinued by this Company. 

The drinking water systems in use today in hundreds of buildings 
and industrial plants are designed on the principles thus developed, 
and all in which those principles have been rigidly followed are 
operating exactly as planned, thus testifying to the inherent correct- 
ness of design and calculations. Some of these have been in con- 
tinuous operation for as long as 20 years without alteration and with 
only negligible repairs or replacements. Cost data extending over 
all these years as well as the beneficial results on health and morale 
have fully borne out every expectation and amply justified the 
laborious and painstaking research and development work. 

Methods Qotnmonly Used and Their Faults 

When housing and industry began to spread beyond the point 
where everyone could go to the pump and get a drink, the simplest 
expedient was to utilize what Nature or the community provided. 
Water was taken from a well and carried to tanks more or less central- 
ly located, or direct to the workers by the bucket-and-boy route. 
It was dispensed by means of a cup, dipper, or glass, one for all — 
democratic, but neither sanitary nor inviting — and was cooled, if at 




all, by simply dropping a lump of ice into the tank or bucket, with 
the result that in hot weather or in mills, smelters, heat-treating 
plants, etc., cramps and sickness were not infrequently caused by too 
free indulgence. 

A variation of the "bucket-and-boy" distribution commonly used 
in mills was the "pitcher-and-boy" method even now found in many 
hotels — a bit more refined, but essentially the same and almost 
equally unsatisfactory. 

Another commonly used system is the piping of city water under 
line pressure, or the pumping of well water through distributing 
lines about the building or plant, with little or no effort at tempera- 
ture regulation. In some localities where well water is cold enough 
at the source it affords a satisfactory supply provided the lines are 
thoroughly insulated to prevent too great an increase in temperature 
in distribution. 

bucket Distribution 

The unsanitary features of any method of distribution by carrier 
in open vessels, even though individual cups may be used, need 
little comment. Contamination from dust, the hands, the vessel 
itself, or the ice in it is almost unavoidable. It has the further dis- 
advantage of not being readily available; one has to drink, not when 
he wants to, but when the water comes around, and the tendency 
is not to drink at all or to drink entirely too much at one time. In 
fact, the system is so obviously bad that it is being rapidly discarded 
everywhere except in outdoor work, such as road building, where no 
other method is practicable. 

Putting ice in the water, besides making it too cold to be healthful, 
is not sanitary. Even if the ice itself is pure, it has to be broken up 
and handled and is usually none too clean by the time it gets into tin 
water. 

City Water 

Ver\ often city water is not entirely free from objectionable taste 

a odor, and almost never in summer is it cool enough to be palatable 

Con- |uentl\ it is consumed rather reluctantly and only in such 

luantities as will serve to relieve thirst, and by no means free I) 

ugh to be refreshing and satisfying and as beneficial as tin copious 

list- o| good water is known to be. Lassitude and constipation with 

its attendant ills are commonly traceable directly to a deficiency of 
water in the system, and this in turn to the unan iactiveness of th 
water itself. City supply also involves a great deal of wa t< of both 
watei and time In the effort to let the water "run i ool" many gallons 

an- wasted, and many minutes lost. 

Cooling Tanks 

Drinking water tanks placed about a building do not 

m \ the requirements. Tanks with adequate provifl i for 

•olmg the water are somewhat expensive and are seldom 
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used in sufficient number to be readily accessible. In shops and 
mills they cause a good deal of waste of time in going back and forth 
and in "visiting" in the groups that tend to gather about them. 

Where ice is used for cooling, either in the water or surrounding 
the water chamber or coils, the temperature of the water is too low 
to be healthful and safe. This is almost invariably the case with the 
waterbottle or tank coolers commonly used in offices, small shops, 
and stores. 

Moreover, all such devices have to be serviced, that is, constantly 
supplied with water and ice, a feature which, because of its cost, 
inconvenience, and uncertainty, makes their use impractical in 
industrial plants, large buildings, or wherever water is consumed in 
considerable quantities. 



The Refrigerated Circulating System 

After observing carefully for many years the various efforts to 
work out this problem in all kinds of buildings, architects and engi- 
neers are virtually unanimous in their adoption of the mechanically 
refrigerated circulating system as not on y the most satisfactory, 
but the only really efficient and economical method of supplying 
and distributing properly cooled drinking water in large buildings. 
It meets every requirement to the fullest extent possible: 

(a) — It provides for an adequate supply of pure, clear, wholesome 
water; 




Cooling tank, pump and Nonpareil Cork covered lines in the basement of the 

Y. W . C. A, Building at Houston, Texas 



(b) — It cools the water to exactly the proper temperature and 
maintains that temperature within the permissible range throughout 
the complete circuit; 

(c) — It conveys the water to any height or over any area to any 
number of outlets wherever located; 

(d) — It is adapted for any desired type of outlet — faucet or foun- 
tain; 

(e) — It is extremely economical of water. In whatever quantity 
it may be consumed, practically none need be wasted; 

(f) — It is economical of mechanical power, requiring comparatively 
little equipment for circulation, storage, and refrigeration; 

(g) — The equipment for both supply and distribution occupies 
very little space in either the power plant or throughout the building; 

(h) — The constant, easily accessible supply of attractive and 
refreshing water contributes to the convenience and pleasure of 
guests, tenants, and visitors in hotels, office buildings, etc., and 
promotes health and contentment among industrial workers; 

(i) — Since outlets can be easily located at almost any point, the 
system conserves time and effort on the part of the operatives; 

(j) — It is an extremely elastic system and can be almost indefinitely 
extended with little additional equipment, or as readily contracted 
if necessary. 

(k) — The initial cost of installation is moderate and reasonable 
and the cost ol maintenance very low. Operating expense, or cost 
of distribution, is less than for any other adequate system. 

'Proof from Experience 

No more convincing evidence in support of these statements 
could be asked than is furnished by the following report of a survey 
made by the A. C. Nielsen Company, Chicago, engineers, in a metal 
working plant in Pittsburgh, Pa. (Name furnished on request). 
The report is certified by the assistant chief engineer of the plant. 



* 



"In a plant such as ours, where a large percentage of the 1,400 
employees are working in the mill and being subjected to high 
temperatures, the problem of supplying them with drinking water 
is very important. 

"Until about seven years ago we had five ice tanks scattered 
through the mill in addition to a flowing well. Since the ice tanks 
were not available to all of the men it was necessary to keep 
buckets of water at various points. The buckets and cups were 
tar from sanitary. 

Old System Unsatisfactory 

"1 he water was of uneven temperature. When the ice tanks 
were full the water was ice cold. This was very unhealthful for 
the men because when a man became heated up from his work 
and then drank ice cold water, his stomach became chilled, with 
consequent danger of cramps. 
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I ooling, pumping and storage equipment for the 
drinking water system of the City-County Build- 
rig, Pittsburgh, Pa. The Nonpareil Cork 
Covering on the lines is finished with canvas and 
painted^ and the storage tank is wood lagged over 

the cork insulation 



% 



One of the beaut ij id 

bronze drinking 

fountains in the 

City-County 

Building 




"When the ice in the tanks was melted the water was luke- 
warm and not palatable. Under these conditions the men 
probably did not drink enough water to keep their bodies in the 
best of condition. The cost of maintaining this system, as shown 
on the accompanying cost sheet, was over $2,000.00 per year, 
and the results were far from satisfactory. 

"After a careful study of the matter, we installed a modern 
refrigerated drinking water system in the hope of correcting 
these conditions. We have a 10-ton refrigerating machine ar- 
ranged to refrigerate a tank of water. This water is circulated 
to the drinking fountains located throughout the various build- 
ings, through two insulated pipe lines by two circulating 
There are 32 drinking fountains, about half of which are 
on each of the two divisions of the circulating pipes. There is 
about 2,500 feet of pipe in each of the lines. 



pumps, 
ocated 



Nonpareil Cork Covering Insures Excellent Results 

"7 he pipe lines are insulated with Nonpareil Cork Covering 
made by the Armstrong Cork & Insulation Company, Pittsburgh, 
Pa* This material has an unusually high insulating value which 
insures delivery of water at the proper temperature — a factor 
essential to the success of such a system. The system was design- 
ed to cool 188 gal. of water from 80° F. to 40° F. per hour, and 
667 gal. of circulated water per hour from 50° to 40°. In other 
words the machine not only has to cool the makeup water, but it 
must also cool the return water to the temperature desired. 

"The circulating water temperature in our system averages 
about 45° F. at the fountain nearest the tank, and at the last 
fountain on each of the 2,500 ft. lines, which is the fountain nearest 
the return end of the line, the temperature averages about 50° F. 
This increase of only 5° F. in 2,500 feet represents excellent per- 
formance because the pipes are run through the mill above the 
floor where they are subjected to the furnace heat. 
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"As shown on the attached cost sheet, the cost of operation 
is about 31,395.00 per year or $1.00 per man per year, which is 
very reasonable. 

"In comparison with the former cost, the annual saving is 
£671.50, which is a 32% reduction in the cost of supplying drink- 
ing water. This saving was, however, not the primary reason 
for installing the new system; in fact, we would have installed it 
for welfare reasons even if the operating cost had been greater 
than that of the old method. 

Reduction in Cramps 

"We have not included any saving in working time of the 
men due to their spending less time away from their work to get 
a drink of water, because in our case the men in the mill are 
spelled and can then get a drink of water. In other plants an 
appreciable saving in time might be effected. 

"We believe that the refrigerated drinking water plays an 
important part in the successful operation of the plant. The 
main results are as follows: 

1. An abundant supply of palatable, wholesome water. 

2. An even temperature of water, thus eliminating cramps 
caused by water that is too cold. 

3. Sanitary fountains, resulting in less sickness and disease. 

4. More satisfied workmen. 

Operating Cost of Refrigerated "Drinking Water System 

Depreciation— $10,000.00-^20 yrs. life $ 500.00 



*Average interest at 6% 



21 

20 



x 



£10.000.00 x .06 315 00 



2 



200.00 

50.00 

330.00 



Repairs and maintenance 

Ammonia and oil 

Power— 22,000 K.W.H. at £.015 

Total yearly cost of operation £1,395.00 

Cost per man per year— £1,395.00-=- 1,400 men £1.00 

Operating Cost of Former Method of Water Supply 

Depreciation on 5 tanks — £500.00-H 10 vears 

,~ 11 £500.00 x. 06 

* Average interest at 6% — 
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Ice. 

Labor 

Repairs 



£ 50.00 

16.50 

1,500.00 

450.00 

50.00 

£2,066.50 




Former cost of water supply per year 

Yearly cost of present refrigerated system 1,395.00 

Net saving per year $ 671.50 

* Allowing for interest earned by depreciation reserve. 

The following is a summary of a similar report by 
the same engineers on a group of textile mills operated 
by the Chadwick-Hoskins Company, Charlotte, N. C: 
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Until recently this company supplied drinking water to approxi- 
mately 1,000 employees in 5 of its mills by carrying it in buckets 
from wells, using 3 men for 2 hours per day in each mill. At the low 
labor cost of 20 cents per hour, water distribution was costing 
#1800.00 a year. As the water came from the wells at 64 to 68 de- 
grees, it was not very satisfying even when perfectly fresh; after 
standing for 15 minutes, the operatives wouldn't drink it at all. 
Ice in the pails would have been dangerous to health. 

The company installed a mechanically refrigerated and circulated 
drinking water system with 4 to 5 fountains in each mill. All lines 
and refrigerated equipment were insulated with Nonpareil Cork 
Covering to reduce heat absorption and thereby not only conserve 
refrigeration, but insure maintenance of the proper temperature 
throughout the system. 

As a result, an ample supply of water was at all times available 
and easily accessible to all employees at a temperature which varied 

no more than 2 or 3 degrees 
from 50° F. The total cost 
including all operating and 

maintenance expense, interest 
and depreciation was only 
#1186.00 a year, a clear sav- 
ing of #614.00, or 34%. 

Also from the Pacific Mills, 
Hampton Mills Department, 
Columbia, S. C. : 




Distributing lines and tank 

Nonpareil Cork covered., in 

the plant of the Proximity 

Man ufacturing Company, 

Greensboro. N. C 



A good example of the 
shop drinking outlet. 
Note the "loop" which 
i 'isures freshly circulated 
water right at the fountain 
H. 15 B. American 
Machine Company, 
Pawtucket, R. I. 
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This mill formerly piped water to tanks in which ice was placed 
for cooling. Ice and labor were a considerable item of expense, and 
the system was most unsatisfactory. Ice deliveries were frequently 
late so that no water fit for drinking was available for some time 
after the mill started. On hot days the ice gave out before quitting 
time. At times the water was too cold; at others, so warm that it 
would not be used. 

The company installed a refrigerated system in 4 mills, using 38 
fountains to supply 1600 operatives. All lines were covered with 
Nonpareil Cork Covering and the water at the fountains was easily 
kept under 50° F. 

The new system cost to operate, including all items, a half a 
cent a day per employee or 32671.00 a year, as compared with the 
former cost for water, ice and labor of #4353.00, a saving of $1682.00 
or 39%. The general superintendent states that while the monetary 
saving is of course important, the greatest benefit is in the effect 
on the operatives and the unquestionable improvement in their 
health and good will toward the company. 

Copies of the full survey reports will be supplied on request. 




The Purpose of Insulation 

Before discussing different types of systems and their accessories, 
it is well at this point to give some consideration to the subject of 
insulation — a factor so essential to efficient and economical operation 
that it may, figuratively but accurately, be described as the founda- 
tion upon which the whole system stands. Upon the constant heat- 
retarding properties of the insulation for the pipe lines and equipment 
depend all the calculations for volume, velocity and refrigeration, 
which in turn determine the sizes of lines, pumps, tanks and refriger- 
ating machinery. Study the calculations in the typical example 
given on page 36, and note how every element goes back ultimately 
to the heat absorption of the line and apparatus and, hence, is 
determined by the efficiency of the insulation. 

In any layout, the greatest single factor in determining the 
refrigeration load is the line loss, which is always much more than 
the loss in water consumed, commonly referred to as the load. The 
longer the lines and the higher the temperatures of the rooms or 
buildings through which they run, the more important this factor 
becomes. Obviously it is in the interest of economy in both installa- 
tion and operation that this line absorption of heat should be kept as 
low as is practically possible. The amount of refrigeration for cooling 
the makeup water depends on factors largely beyond control, that 
is on the temperature of the supply water and the amount taken 
from the lines, consumed and wasted. But the remainder, approxi- 
mately half and often much more, is subject to control to a cer- 
tain extent. It is the function of the insulation to protect the 
lines and equipment from heat and so to reduce the absorp- 
tion to the practicable minimum. 
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Notice the adaptability of Nonpareil Cork Fitting Covers on the pump connection 

This is a ci >!ating equipment of the William 1' in Hotel, 

Pittsburgh, Pa. 

Another function of the insulation, very closely related to the one 
just mentioned and equally important, is to insure the maintenance, 
within a few degrees, of the entering temperature of the water, so 
that the temperature at the fountains or outlets may always be 
palatable. Since this is one of the principal reasons for the refrigerated 
system, it is clear that adequate insulation is of the first importance. 

These facts are sometimes overlooked in designing a system of 
drinking v\ ater supply, the tendency being to emphasize the mechani- 
cal features and relegate insulation to the position of a minor detail. 
Wherever this is done, the system invariably fails to give satisfactory 
results. Either the temperature rise is such that the water is too 
warm at the outlet; or so much refrigeration is required to keep it 
cool that operating expenses are disproportionately high; or the lines 
sweat and cause considerable damage, especially when enclosed 
between walls or floors, or when run where drip may damage goods 
in manufacture or storage. 

Furthermore, it is essential when figuring the requirements tor 
water and refrigeration to know exactly what the heat absorption 
will be, not only when new. but throughout the life of the plant. 
The insulation must be of known quality, allowing the minimum 
absorption of heat. It must be so uniform in thickness, density, and 
heat-retarding value that its heat transmission is a constant factor. 
And it must be made of a non-fibrous, non-capillary material which 
will retain its structure and properties indefinitely, and not be subject 
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to progressive deterioration by moisture drawn into it from any 
chance point of contact. Only with such insulation can the system 
be designed and the requirements calculated in the utmost confidence 
that it will work out in service exactly as planned. 

Throughout all calculations in this book, the insulation is assumed 
to be Nonpareil Cork Covering and Fitting Covers of Ice Water 
Thickness for the lines and Nonpareil Cork Lagging for tanks and 
other equipment. It is sufficient here to state that Nonpareil Cork 
Covering is the insulation generally recognized by refrigerating 
engineers as the standard for all low-temperature lines. A complete 
description of this material, its qualifications for this service and 
details of its use are given later in this book. (See page 28). 

Types of Drinking Water Systems 

Though differing somewhat in detail, the general design of a 
drinking water system is very much the same for a mill, a department 
store, a hotel, or an office building. The basic elements can best be 
understood by taking a simple and typical mill building layout such 
as shown in Figure I. 

The essential elements are few and simple: an adequate supply 
of pure water, pumping equipment, tank for cooling the water, 
refrigerating machine, distributing lines, outlets, and insulation. 
In a word, apparatus to cool water to a desired temperature and to 
pump it to where it is used and back again, with insulation to main- 
tain the temperature throughout the circuit. 

For any layout, it should be borne in mind that, generally speak- 
ing, a number of short circuits are more satisfactory than one extreme- 
ly long one. (By "extremely long" is meant a run of more than 2000 
feet. Single circuits of 5000 feet are in successful operation, but on 
the whole, the shorter runs are better). 



CIRCUIT NOi 

600' LONG 

lOO MEN 



•J— x. 



h 



C IRCU1T 



NO 1 



2000* LONG- 300 MEN 



T/%N 



POWER 
HOUSE 



Fig. I 

This plant consists of two main buildings, single story, with the 
power plant located approximately between them. One building 
requires a circuit of 2000 feet to supply 300 men; the other, a 600 
foot circuit for 100 men. The main supply from the tank to the 
branches is 100 feet in length. 

_ The run of the circuits and the number and location of the foun- 
tains are, of course, determined by the local requirements and general 
plan of the rooms to be served. The tanks, refrigerating equipment 
and pump are located in the power house. 
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A good type of 
wall outlet. One 

of the corridor 

fou n tains in the 

Union Trust 

Building, 

Pittsburgh, Pa. 



The Plaza {apartment hotel), Houston, Texas, 

has Nonpareil Cork Covering throughout 

on the drinking water system 

This, of course, is a very simple layout, but typical nevertheless, 
for almost all low buildings can be adequately served with a plan no 
more intricate than this. Sometimes there are complications due to 
peculiarities of local conditions, but these are usually of such a 
nature that they cannot be covered in a general description such as 
this book. 

For Tall buildings 

Tall buildings present a somewhat different problem. The basic 
design is the same, but the details require special treatment. This is 
because a considerable part of the circuits are risers, and the gravity 
head and the possibility of high friction head increase the pumping 
load and require careful consideration of safe working pressures for 
pipes and fittings. 
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Fig. II 



Figure II illustrates a system 
much used in high buildings. 
Water is pumped through a base- 
ment main into a system of risers 
which supply the fountains. The 
risers connect with the return 
main at the top of the system, 
usually in the attic, the return 
water entering the bottom of a 
surge, or overflow, tank (some- 
times called a balancing tank) lo- 
cated at the high point. The 
return main takes off at the over- 
flow connection near the top of 
the tank and carries the water 
back to the cooling tank in the 
basement. 

This system has the advan- 
tage of simplicity of design and 
of positive circulation. Its one 
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disadvantage is the comparatively high cost of power for pumping. 

Figure III, illustrates a system which makes use of the weight of 
the return water to counterbalance the weight of water in the risers. 
The principal work of the pump is to overcome the friction head. 
This system requires a well- 
made, closed-type cooling tank 
strong enough to withstand the 
pressure of the system with a 
reasonable factor of safety. 
Venting is accomplished through 
a balancing or surge tank with 
an emergency overflow as shown 
in Figure III. 
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An automatic diaphragm 
valve releases any air that gets 
into the system. There is an au- 
tomatic cut-off at this valve 
which operates in case water 
should rise to it, passing the wa- 
ter through the overflow pipe in- 
to the house tank. 

The balanced system uses a 
very small pump and the power 
cost is very low. This advantage 
is offset to some extent by the 
higher cost of the closed-type 
cooling tank. 
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Fig. Ill 
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/'/>, 'tttire equipment for cooling and circulating occupies very little space. 

Clinton Building, Tulsa, Okla. 



discussion of Accessories 

Pumps — When specifying pumps for drinking water systems, it is 
necessary only to know the gallons per minute needed, the suction, 
head, the combined gravity and friction heads, and the kind of power 
available. 

It is important to keep in mind that a smooth, non-pulsating flow 
is essential at the fountains or outlets. This can be assured by using 
either multi-cylinder piston pumps or single or multi-stage rotary 
or centrifugal pumps. 

The relative merits of piston, rotary, and centrifugal pumps is 
the subject of much difference of opinion. Many engineers favor 
displacement pumps because of the positive pressure developed. 
Both centrifugal and rotary pumps have the advantage of affording 
a nonpulsating stream. 

Provision is frequently made for duplicate pumps, connected in 
parallel, particularly where a shutdown may be a serious inconven- 
ience. 

Cooling Tanks — The cooling of drinking water is accomplished 
in tanks located close to the refrigerating machine and water supply. 
These tanks contain submerged coils for the circulation of the refriger- 
ant, brine or expanding gas, (ammonia, carbon dioxide, sulphur 
dioxide, etc.). The most commonly used cooling tank is of galvanized 
steel, cylindrical or rectangular. The pump suction is taken from 
near the bottom and the return water enters at the top through a 
removable or hinged cover. This type is known as an "open" tank. 
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The convenience and cleanliness of circulated 

drinking water for factories are well illustrated 

in this view of the shops of the General 

Electric Company, Schenectady, N. Y. 



The balanced 
pressure system 
requires a"closecT 
tank. This is built 
of steel with at 
least one remov- 
able flanged end. 
It must be strong 
enough to with- 
stand the highest 
pressure devel- 
oped in the sys- 
tem. Closed tanks 
may contain sub- 
merged coils, or 
they may be con- 
structed on the 
shell and tube 
principle. 

The sizes of 
tanks are deter- 
mined by the size 
of the coils neces- 
sary for adequate 
cooling effect and 
will be specified 
by the refrigera- 
tion machine con- 
tractor. 



Either type of tank must be well insulated on top, sides and bottom 
with two inches of Nonpareil Cork Lagging. The details of applying 
the insulation will be found on page 35. 

When large quantities of water are used, a popular method of 
cooling is by means of the Baudelot cooler. This consists of several 
banks of coils containing the refrigerant, over which the water runs 
into a shallow open tank. Coils and tank are both located in a well- 
insulated room. While many engineers regard the Baudelot cooler 
as the most efficient, others prefer the shell and tube type for cooling 
large volumes of water. 

Balancing Tanks — The diagrams for tall building pipe circuits. 
Figures II and III, show a balancing tank at the high point. The 
usual connection takes the attic main into the bottom of the tank 
and the common return from between the middle and the top of the 
tank. It is good practice to provide an emergency overflow at a 
point slightly above the return to take care of any possible stoppage 
in the return. Venting should be provided by an open pipe. 

It is common practice in high buildings to supply the makeup 
water (replacement of water used at the outlets) through the balancing 
tank. Tie usual method is to pipe water from the house tank by 
gravity to the balancing tank, maintaining a constant level by means 
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of a float valve. Such arrangement makes it possible to supply water 
over any period when, for one reason or another, the circulating 
system may be shut down. The water thus supplied is not, of course, 
either circulated or refrigerated, but it will suffice in an emergency. 
Balancing tanks, like all other parts of the circulating system, 
should be thoroughly insulated. Otherwise, there will be a consider- 
able rise in the temperature of the water, and the tanks will sweat 
and the drip cause damage below. 

Sterilizers and Filters — Naturally, one of the first pre- 
cautions to be taken is to ascertain the purity of the water supply. 
Usually it is entirely satisfactory, but if not, some method of steriliza- 
tion should be used. 

City or well water which is satisfactory as to bacteria content 
may be muddy or cloudy and consequently not attractive or inviting 
for drinking. Where such a condition exists or may exist, suitable 
filters should be provided. Filters are of many types, using sand, 
charcoal, fabrics, or other materials to remove matter in suspension. 
Their function is simply that of clarifying the water and their com- 
parative merits can best be demonstrated by their manufacturers. 

Outlets — Outlets are of two general types: (a) the spring 
faucet, used mostly in hotels as a part of the lavatory equipment, 
and (b) the fountain either as a wall or pedestal fixture. The fountain 
is greatly to be preferred where a number of persons use the outlet, 
otherwise individual cups are required to comply with the laws of 
most states. 

Pedestal fountains are generally used in industrial plants and in 
other large rooms where more central locations are preferable to 
walls. In schools, hospitals, office buildings and corridors, the wall 
type is perhaps more suitable. In any case, the fountain should have 
a well-designed orifice or group of orifices so as to throw a heavy and 
steady jet in such position as to make drinking easy and comfortable. 
The orifice should be so shaped, protected, or located that it cannot 
come in contact with the lips, or allow the water to fall back into the 
fresh water supply. Needless to say, a fountain should be easily 
cleanable and attractive and sanitary in appearance. 

There are many types of such faucets and fountains on the 
market and the selection is largely one of taste and cost. 

Piping — All drinking water pipes and fittings should be galvan- 
ized steel or wrought iron, with smooth interior walls. Fittings 
should preferably be long sweep so as to reduce the friction head as 
much as possible. In tall buildings, the pressure and gravity head 
are frequently such as to require extra-heavy pipe and fittings, at 
least in the lower part of the system. 

Refrigeration — There are several distinct types of 
refrigerating apparatus, such as the compression system, 
the absorption system, etc., and many different machines 
and systems of each type, using various refrigerants, am- 
monia, carbon dioxide, sulphur dioxide, etc. Each has its 
merits and it is clearly outside the province of this book 
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Fresh, cold -water is instantly available from this convenient mill outlet. Th 
at the fountain, as throughout the system, are insulated with Nonpareil 
Cork Covering. Durham Hosiery Company, Durham, N. C. 



lines 



to attempt any distinction among them. The type and make ot 
the refrigerating machinery must be left to the mechanical engineer 
in charge of designing the system. 



'"Details of Installation 

Power Equipment — Pumps, cooling tank, refrigerating machin- 
ery, and filters should be located as centrally as possible in order to 
keep the various circuits short, and preferably in or near the building 
power plant to economize on power for operation. Such arrangement 
permits the plant engineer to take over the operation of the drinking 
water system without extra help. 

Pipe Lines — Keeping in mind that the lines should be looped at 
the fountains to avoid dead ends, care should be taken to run all 
lines as straight as the layout will permit with as few bends and offsets 
as possible. This is for the purpose of keeping down the friction and 
thereby the cost of power for pumping. The friction tables on p;)ges 
44 and 45 show the increased head due to friction. All lines should 
be well supported so as to prevent sagging. 

Dead Ends — Piping should be so arranged as to avoid all dead 
ends at the fountains. \ dead line, that is a line not in active cir- 
culation, at a fountain means a pipeful of warm water to be run off 
before the cold water comes, involving a waste of both water and time. 
The water must circulate continuously past the fountain connection 
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so that the drinker may get fresh, cold water almost instantly. A 
good arrangement to insure this condition is shown in Figure IV. 

Pipe Supports — All refrigerated lines should be supported on 
hangers outside the insulation. A through-metal connection from the 
outside air to the line breaks the insulation and allows a certain 
amount of refrigeration loss. Moreover, and of even greater import- 
ance, a hanger in contact with the pipe will become cold enough to 
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Fig. V 

sweat, and the moisture will drip down and work under the insulation, 
a condition very detrimental to its efficiency and life in service. 
Figure V shows two types of outside hanger. The lines may be sup- 
ported temporarily while the insulation is being applied on blocks of 
wood or other material set in the hanger. Many hanger rods are 
threaded, for adjustment after the insulation is in place. 

Riser Supports — The risers in hotels, apart- 
ments, hospitals, etc., should be so supported that 
the insulation can be applied continuously with no 
through-metal connections such as clamp hangers or 
stitfeners. 

Long risers of great weight are best supported 
by a pedestal elbow or long-sweep tee (Figure VI) at 
the point where the riser leaves the horizontal run 
and enters the pipe-chase. A support is run from Fig. VI 
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Fig. FII 



the pedestal or lower outlet of the tee to 
the floor. This support may be insulated 
to prevent sweating. 

Short risers may be supported at the 
base by means of a strap hanger on the 
horizontal run near the point where the 
riser takes off. (Figure VII). 

Risers may be stiffened by clamp sup- 
ports applied outside the insulation and 
resting on the floor slab. (Figure VIII). A 
metal shield to prevent damage to the 
moisture-proof finish should be used be- 
tween the clamp and the insulation. 

Spacing Lines— 
lines, ample space must be allowed to 
permit the application of covering of the 
proper thickness. 

When using the following tables, bear 
in mind that the size of the fitting insu- 
lation has been taken into account, and 
that plenty of space has been left so that there will be room to apply 
Nonpareil Cork Fitting Covers on every fitting without cutting away 
any of the cork. 



In laying out the pipe 
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THICKNESS OF COVERING 



Space Required 

between 

parallel 

pi pes 



Ice Water Thickness — (Water Lines) 

Screwed Fittings up to and including 

6-inch 

Screwed Fittings larger than 6-inch.. 
Flanged Fittings 

Brine Thickness — (Refrigerating Lines) 
Screwed Fittings up to and including 
6-inch 

Screwed Fittings larger than 6-inch 

Flanged Fittings.. 



Inches 

6 

10 

10 



Space Required 

between pipes 

and adjacent 

surfaces 



Inches 

4 

5 
5 



8 
14 
14 



4 

8 
8 






Underground Lines— Drinking water lines laid underground 
should be run in well-drained tunnels, split-tile conduits, or concrete 
trenches. This permits of easy access for repairs, changes, and 
inspection. 

Outside Lines — When drinking water or other refrigerated lines 
are run outdoors or exposed to weather, they must be protected by 
a roof jacket applied over the insulation. See Specification No. 3, 
on page 35. 

Insulation— The necessity for adequate insulation of all lines and 
low temperature apparatus has already been referred to (page 14), 
and is treated in more detail in a later section of this book. Detailed 
specifications will be found on pages 33 to 35. 
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Finish — The regular finish on Nonpareil Cork Covering is a 
moisture and air-proof coating of a special asphaltic composition. 
Painted with Nonpareil Cork Covering paint, it is glossy black and 
makes a neat appearance. It is, however, sometimes desirable to 
have a different finish, where lines run, for example, through hospital 
corridors, hotel kitchens, stores, etc. In such cases, the lines may be 
wrapped with rosin-sized paper and a canvas jacket sewed on, and 
finished, if desired, with a glue size and lead and oil paint. Aluminum 
bronze paint may also be used, applied directly on the black finish 
without canvas or other preparation. 

Engineering and Advisory Service 

The historical outline on pages 6 and 7 conveys some idea ot 
the long and varied experience of the Company's Engineering 
Department in the design and development of this modern system 
of drinking water supply. They have been in intimate touch with it 
from the time of its crude beginning and have been largely instru- 
mental in working out its problems, in perfecting its details, and in 
devising means of meeting its many requirements under almost 
every conceivable condition, normal and abnormal. 

The Company offers its services, without charge or obligation, 
together with the benefit of its experience and specialized knowledge 
of this subject in cooperation with building and plant engineers and 
architects. The Engineering Department will gladly make detailed 
surveys, calculate requirements and supply data for the proper 
design of a drinking water system in accordance with modern prac- 
tice. The Company does not sell or install any part of the equipment 
excepting insulation. 

AH branch offices and representatives of this Company have 
engineers who are qualified to render this service, and to provide full 
information. It is well understood that the consideration of a refrig- 
erated drinking water system requires a good deal of preliminary 
calculation, comparison with present methods, estimation of expected 
benefits, economies, etc. prior to a final decision and actual instal- 
lation. It is for the purpose of supplying the data for such considera- 
tion that the Company's resources are made available to all who are 

interested. 

The general method for arriving at the requirements is shown in 

the typical calculations on pages 36 to 40. 



The Insulation 

The adequate insulation of all low-temperature lines and equi 
ment is so essential to successful operation that it is deserving 
quite detailed treatment. A drinking water system well designed 
and laid out mechanically may nevertheless prove unsatisfac- 
tory and expensive unless thoroughly protected against sur- 
rounding temperatures by an efficient insulation. 

But efficiency is only one of the qualities essential to in- 
sulation. It must be permanently efficient, which means simply 
that it must be moisture-proof, for aside from accident and 
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abuse, moisture is the greatest menace to any low-temperature insula- 
tion. ' Water being an excellent conductor of heat, any absorption ot 
moisture rapidly and progressively increases the conduction value of 
the insulation. Not only must the material itself be nonabsorbent, 
but it must be capable of being so applied that moisture or moisture- 
laden air cannot penetrate at the joints and so get between or under 

the covering. 

It must be furnished in such form as to be easily applied on pipes, 

fittings, and other surfaces so as to fit tightly without air spaces or 

pockets. 

It should be slow burning and of such nature that it will not 

smolder or carry fire from one point to another. 

It should present a neat finished appearance. 

It must be reasonable in cost of material and application and in 
upkeep, or maintenance, cost. 

The one material which most completely meets these exacting 
requirements is Nonpareil Cork Covering. 

Nonpareil Cork Covering 

Nonpareil Cork Covering is made of cork and cork only — clean, 
dry granules of pure cork without any artificial binder. Cork is a 
mass of minute air cells, so small and so well sealed off from each 
other that there can be no circulation of air in or between them. 
In other words, cork is made up largely of entrapped air, and entrap- 
ped still air is the best heat insulation known except a vacuum, 
which is not practicable on a large scale. 

In the manufacture of Nonpareil Cork Covering, clean granules 
of cork are compressed in molds of the proper shapes for pipes and 
fittings of different sizes, and then baked. The baking process, by 
driving off all moisture and volatile matter increases the proportion 
of cell content, thereby increasing the insulating value of the natural 
cork. The heat also liquefies the gum or resin in the cork. This gum, 
a natural waterproof substance, is the binder that cements the 
granules into a solid mass. It also spreads over the surface of the 
granules and effectually protects them from the entrance of moisture. 

As the sections come from the molds they are finished with a 
heavy coating of air-and moisture-proof mineral rubber ironed on 
both inside and outside surfaces. Full details of the several thick- 
nesses and shapes in which Nonpareil Cork Covering and Fitting 
Covers are made will be found in the section "Service Details" on 
page 32. 

The Insulating Efficiency of Nonpareil Cork Covering 

Thoroughly reliable values have been established for insulating 
efficiency by tests made on Nonpareil Cork Covering and on bare 
pipes The latest and, it is believed, the most accurate (completed 

May, L924) are summarized on the basis oi transmission per lineal 

loot for the various pipe sizes in Tables No. I, II and III. Nonpareil 
( >rk Covering effects an average saving of 85.6% of the refrigeration 
lost by the absorption of heat through uninsulated pipe and fitting 

surfaces. 






Table No. I 

Nonpareil Cork Covering 

Ice Water Thickness 



Pipe Size 
inches 






1 
iK 

2 
3 



Trans, in B. t. u. per lin. ft., 
per deg. F. dif. in temp, for 



1 ho 



ur 



24 hours 



Pipe Size 
inches 



Trans, in B. t. u. per lin. ft., 
per deg. F, dif. in temp, for 



1 hou 



24 hours 



.101 
.114 
.132 
.140 
.152 

.173 
.187 

.216 

.257 

.273 



2.42 
2.74 
3.17 
3.37 
3.64 
4.15 
4.50 
5.20 
6.17 
6.55 



W2 

4 

5 

6 

7 

8 

9 
10 
12 



.292 
.311 

.335 
.371 
.397 
.458 
.504 
.548 
.571 
.75 



7.00 
7.46 
8.05 
8.90 
9.53 
11.00 
12.1 
13.4 
13.7 
18.0 



Table No. II 

Nonpareil Cork Covering 

Brine Thickness 



Pipe Size 
i nches 


Trans, in B, t. u. per lin. ft., 
per deg. F. dif. in temp, for 


Pipe Size 
inches 


1 rans. in B. t. u. per lin. ft . 
per deg. F. dif. in temp, for 




1 hour 


24 hours 


1 hour 


24 hours 


l 

2 
3 


.088 

.098 

.113 

.12 

.129 

.135 

.138 

.158 

.175 

.187 

.199 


2.12 

2.36 
2.71 

2.87 

3.11 

3.22 
3.32 
3.80 
. 4.21 
4.49 
4.78 


4 

5 

6 

7 

8 

9 

10 

12 

14 

16 


.231 

.219 

.25 

.285 

.32 

.328 

.339 

.376 

.434 

.471 

.525 


5.55 
5.26 
6.05 
6.85 
7.68 
7.88 
8.15 
9.02 
10.4 
11.3 
12.6 



Table No. Ill 

Bare Pipe 





Trans, in B. t. 


u. per lin. ft.. 


T\* C* " 


Trans, in B. t. 


u. per lin. ft.. 


| ripe bize 


per deg. F. dif. in temp, for 


Pipe oize 

■ 


per deg. F. dif. in temp, for 


inches 






inches 






I II V 1 i vu 


1 hour 


24 hours 


1 hour 


24 hours 


Va 


.34 


8.2 


4 


2.06 


49.5 


X 


.406 


9.75 


4H 


2.29 


54.5 


Yi 


.485 


11.6 


5 


2.49 


59.8 


H 


.581 


14.0 


6 


2.90 


69.6 


l 


.698 


16.7 


7 


3.33 


79.6 


134 


.856 


20.5 


8 


3.74 


89.7 


\Yi 


.960 


23.0 


9 


4.16 


100. 


2 


1.16 


28.0 


10 


4.63 


111. 


2Y 2 


1.39 


33.3 


12 


5.49 


132. 


3 


1.66 


40.0 


14 


5.88 


141. 


| m 


1.86 


44.6 


16 


6.75 


162. 
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l ncral Motors Building, I) roil. Refrigerated drinking water is circulated 

through this immense building and kept cold in the lines by 

Nonpareil Cork Covering 



ee that the wires are tight and a coat ol Nonpareil Cork Covering 
Paint as needed are all the attention required. 

Service 'Details 

Nonpareil Cork Covering is made in three thicknesses for different 
service conditions, only two of which are used on a drinking water 
system. These are as follows: 

Ice Water Thickness — For refrigerated drinking water line^ 

and generally win ie the temperature carried is above 25° 1 . 

Brim Thickne ss — For brine, ammonia, carbon dioxide and other 
low tempei ature gas or liquid lines where the refrigerant ranges from 
0° to 2 ; 1 . In a drinking water system Brine Thickness is used on 
lines between the refrigerating machines and the cooling tanks. 

Special Thick Brine — For cold lines where the temperature ol 
the refrigerant is below 0° 1 . This thickness is seldom used in con- 
nection with drinking water apparatus, except when unusual outside 
conditions exist. 

For Tanks and Coolers 

Cylindrical tank- and coolers for refrigerated water, etc., are 
insulated with Nonpareil Cork Lagging and Discs which, except in 
form is the ^amc material as Nonpareil Cork Covering. 
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Nonpareil Cork Lagging is supplied in 36-inch lengths of the 
proper width and bevel for the equipment to be insulated. Thick- 
nesses range from \ x /i inches to 8 inches. Discs of the same thicknesses 
are also made up in the required size for insulating tank heads. 
Both lagging and discs are coated inside and out with mineral rubber. 

The proper thickness of Nonpareil Cork Lagging to apply for a 
given temperature depends on several factors, which vary in the case 
of each plant, viz.: cost of producing refrigeration, climatic condi- 
tions, etc. Under average conditions, however, it has been found 
economical to use the two-inch thickness on cooling-water tanks. 

cBaudelot Cooler Rooms 

Where a Baudelot cooler is used (see page 20) the room itself must 
be insulated. For this purpose Armstrong's Nonpareil Corkboard 
is used, applied on the walls, floor, and ceiling. The method of 
erection will depend on the construction of the room, and specific 
information will be supplied on request. 

Qontract 'Department 

The Company maintains a Contract Department with experienced 
erection superintendents and foremen. This department does not 
undertake the erection or supplying of any equipment — refrigeration, 
piping, tanks, fountains, etc. — other than the insulation. It is, how- 
ever, prepared to handle all insulation contracts, large and small, 
promptly, efficiently, and at reasonable cost. 

This service is a distinct advantage to the owner in that it affords 
him the assurance, backed by the Company's experience, that his 
covering will be put on carefully and properly. The responsibility 
for the workmanship which is so important a factor in low-tempera- 
ture insulation is in this way placed where it belongs — on those who 
are responsible for the high quality of the material, and who, equally 
with the owner, are interested in seeing that it is so used that its 
maximum value may be realized. 

Specifications for Nonpareil Cork Covering and Lagging 

To insure the proper application of adequate insulation on all 
lines and apparatus, the following specifications should be used. 

Specification No. 1 
Insulation of Refrigerated Piping 

1. After all the pipe lines have been tested and made tight, they shall be 
covered with Nonpareil Cork Covering and Fitting Covers of proper thickness 
as outlined in the following schedule: 

For temperatures from 25' F. up — Ice Water Thickness. 

For temperatures from 0° F. to 25° F. — Brine Thickness. 

For temperatures from 0° F. to minus 35° F. — Special Thick Brine. 
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2. All foreign matter such as plaster shall be removed from all pipe surfaces 
before covering is applied. Under no circumstances shall pipes be covered 
while wet or in a frosted condition, 

3. Sectional covering shall be applied with 
all end joints broken by making one half of the 
first section 18 inches long and leaving the other 
half 36 inches in length, (Fig. IX). All longitu- 
dinal joints shall be on the top and bottom of P % &* *^ 
the pipe and not along the sides. The covering 

shall be applied with Nonpareil Waterproof Cement on all joints and wired in 
place with copper-clad steel wire using not less than six wires to a section. 

4. Molded fitting covers shall be applied with Nonpareil Waterproof Cement 
on all joints and wired in place with copper-clad stee wire using not less than 
four wires on screwed fittings and six wires on flanged fittings. (Figs. X, XI 
and XII). All spaces between covers and fittings shall be carefully filled with 
Nonpareil Brine Putty. 

on 




Fig. X 



5, After the covering is 
applied, all seams and 
chipped edges shall be filled 
with Nonpareil Seam Filler 
so as to leave a smooth and 
even surface. The whole 
shall then be given one 
good coat of Nonpareil 
Cork Covering Paint. 




Fig. XI 



NOTE 1- — In all cases where a pipe passes through an insulated 
wall into a refrigerated room the covering shall extend one 
inch beyond the wall inside the room. 

Note 2 — Wall and floor openings for insulated pipes must be 
large enough to allow the full thickness of the covering to 

be used. 

Note 3 — All pipe hangers must be on the outside of the covering. 




Fig. XII 



Specification No. 2 
Insulation of Cylindrical Coolers and Tanks 

6. Nonpareil Cork Lagging, 2 inches thick,* shall be used on all refrigerated 
water tanks, applied as follows: 

7, After the tank has been tested and made tight, its cylindrical surface 
shall be insulated with one layer of Nonpareil Cork Lagging, 2 inches thick, 
weighing not less than 1.2 pounds per board foot. The lagging shall be beveled 
to the proper radius and shall have a mineral-rubber finish on both the inner 
and outer surfaces, which finish shall be ironed on at the factory. 

The lags shall be applied with Nonpareil Waterproof Cement on all joints and 
secured in place with one-inch bands of sixteen-gauge steel, drawn up tight by 
means of bolts and clips riveted to the ends of the bands. (Fig* XIII). The bands 
shall be spaced not more than twelve inches apart. The transverse joints between 
the lags shall be broken. All spaces between the tank and the lagging shall be 
filled with Nonpareil Brine Putty. 

The bottom of the tank shall be insulated with a disc of Nonpareil Cork 
Lagging 2 inches in thickness, cemented together with Nonpareil Waterproof 
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Cement. The top is to be insulated with a similar disc, (or provided with a 
wood cover) divided into two semi-circular pieces, and drilled for pipe connections 
along the center line. Both the top and bottom discs shall have a mineral 
rubber finish on the inner and outer surfaces, which finish shall be ironed on at 
the factory. Both bottom and tops discs shall be 4 inches greater in diameter 
than the outside diameter of the tank so that the disc will overlap the ends of 
the side lagging. 

All seams and chipped edges shall be filled with Nonpareil Seam Filler so as 
to leave a smooth, even surface. The whole shall be given one good coat of 
Nonpareil Cork Covering Paint. 

* — Note — It is permissible to use Armstrong's Corkboard, 3 inches thick, in place of 2-inch 

Lagging. 



Specification No. 3 

W E ATH E R P ROO F I N G 
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8. Weatherproofing as hereinafter specified (Sec- 
tion 13) shall be applied over the Nonpareil Cork Cov- 
ering on all refrigerated piping which is 

9. Located outdoors or otherwise exposed to 
weather conditions; 

10. In refrigerated rooms; 

11. Exposed to wet or steamy atmosphere, as in 
dairies, laundries, kitchens, etc.; 

12. Run in tunnels or underground trenches. 

Note — If tunnel or trench is well drained and ventilated, 
ignore Section 12. 

13. The weatherproofing shall consist of one layer 
oi two-ply roofing applied with a 3-inch lap on all 
joints. The laps in every instance should be made so 
as to form a water-shed. All laps shall be cemented 
with Nonpareil Cork Covering Paint and additionally 
secured with copper staples. The weather-proofing 
shall be finished with one coat of Nonpareil Cork 
Covering Paint. 
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ARMSTRONG CORK & INSULATION COMPANY 

Twenty-fourth Street and Allegheny River 



Offices 



Albany 

Atlanta 

Birmingham, Ala. 
Boston 
Buffalo 

Charlotte, N. C. 
Chicago 
Cincinnati 
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Dallas 



Denver 

Detroit 

Grand Rapids, Mich. 

Hartford, Conn. 

Houston 

Indianapolis 

Jacksonville, Fla. 

Kansas City, Mo. 

Louisville, Kv. 

M em phis 



Milwaukee 

Minneapolis 

New Yokk 

Omaha 

Pittsburgh 

Rochester 

St. Louis 

Tulsa, Oki.a, 

Montreal. Que., Can, 

Toronto, Ont., Can. 



Armstrong Cork Company, Ltd. 
Sardinia House, Kingsway, London, W. C 2 

England 

Representatives 

I H Livh/hv. Baltimore, Md. D. E. Fryer & Co., Spokane, Wash. 

Gav Encinbbring Corp., Los Angeles, Calif. Gillen-Cole Company, Portland, Ore 

H.r.STEFPEE New Orleans, La. Van Fleet-Freeak Co., San Francisco, CJ 

J. R. Livezey, Philadelphia, Pa. D. E. Fryer & Company, Seattle, Wash. 

D. E. Fryer & Company, Tacoma, Wash, 



3S 



APPENDIX 

Specimen Calculation 

Assume a plant consisting of two main buildings, single story, 
with a power plant located approximately between them. One 
building requires a circuit of 2000 feet to supply 300 men; the other 
a 600-foot circuit for 100 men. The main supply from the tank to 
the branches is 100 feet. The water is to have a temperature ot 
45° F at the supply end of each branch with a maximum permissible 
rise of 5° F. The average mill temperature is 95° F., and the average 
difference in temperature between the air and water, 47.5° F. The 
quantity of water required per man, per hour is .25 gallons, figure 
I shows the layout. 



CIROUIT NO.2 

eoo' LONG 
lOO MEN 




C 1 RCUIT 




ZOQO' LONG- -300 MEN 



Fig. I 

Number 1 Circuit 

Length of Circuit, 2,000 feet. Number of men, 300. 

Since 1-inch pipe can generally be used on such a circuit, assume 
that size as a basis for calculation. If later it should be shown that 
a 1-inch line will not supply the required volume at a velocity of 
190 feet per minute, or less, a larger pipe size will have to be used. 

Mill workers consume (use and waste) up to .25 gallons per hour. 
Weather and working conditions may reduce this somewhat, but 
allowance must be made for the maximum requirement. Water 
consumed will therefore be 

.25 gallons X 300 = 75 gallons per hour. 

In addition to the water drawn off at the outlets, water must be 
circulated to carry away the heat that is absorbed by the line. I his 
quantity depends upon the permissible rise in temperature in th 
circuit and upon the efficiency of the insulation. (It is assumed that 
the lines are covered with Nonpareil Cork Covering, Ice Watei 

Thickness. Any less efficient insulation would correspondingly incn e 

the heat leakage and therefore the volume of water to be circulated .) 
Heat is absorbed through 1-inch Ice Water Thickness Cork 
Covering at the rate of .152 B.t.u. per lineal foot, per degree diHer- 
ence in temperature, per hour. The temperature difference in tin 
ease is 47.5 degrees, and the heat absorption for this line is therefore 

2000X47. 5X. 152 = 14,400 B.t.u. per hour. 






Since 1 B.t.u. is required to raise the temperature of 1 pound of 
water 1 degree, and a 5-degree rise is allowed for in this line, it follows 
that the quantity of water to be circulated is 



14,400^-5 = 2880 pounds per hour 



or 



2880-7-8.3 (pounds per gallon) = 347 gallons per hour 



The total amount of water required is therefore — 

75 gallons, used and wasted 
347 gallons, circulated 

422 gallons per hour. 

The velocity can now be checked tor the pipe size assumed: 

422^-60 (minutes) -5- 7.48 (gallons per cubic foot) = .94 cubic feet 

pel minute. 
Inside cross sectional area of 1-inch pipe=.006 square feet. 

Velocity at supply end ( V = ¥ ) = 77i7 = 157 ^' Lt l u ' r minute. 

II velocity is well within the safe limit. Had it run over 19n 

feel l)\ an) considerable amount, it would be necessary to substitute 

the next larger pipe and repeat the calculation. 



Number 2 Circ i it 
I he formulae used are the same as for Circuit No. 1. 

Length ol circuit, 600 feet. Number ol men, 1<hi. 

Although the requirements are less than for Circuit No. 1. it i 
nol advisable to use smaller than 1-inch pipe on account of the 
almost unavoidable constriction ol the pipe area due to the burrs 

formed in « utting the pipe. 

Water required (used and wasted): 

1 00 X. 25 = 25 gallons per hour. 
Total heat absorption by line: 

600X 47.5 X. 152 =4330 B.t.u. per hour. 

Gallons of water to be circulated to limit the temperature rise 
o 5 <1 ;rees: 

4330+5 = £ 6 (pounds) -J- 8.3 = 104 gallons per hour. 

Total volume of water 

illons used and wasted 
104 gallons for heat removal 

I 29 gallons per hour. 

Checking tor velocity 

I2 ( > gallons) -i-60 (minutes) -5- 7.48 - 29 cubic feet per minute. 



\ elocity (^ = V) = 7iy : = " ts tect l )er m inute. 
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'anvas -cove red Nonpareil Cork Covering on the drinking let lines at the 

United Drug Company. St. Louis 



Main Circuit 



It is necessary to use at least I 1 , -inch pipe to supply the two 
1-inch branches. Checking for velocity. 

Length .-I circuit, supply and return, 200 feet. 



Quantity of wat< r: 

C ircuit \«>. 1 — 
Circuit No. 2 — 



.94 ( ubic feet 

.29 cubic feet 



pei 
per 



minute 

minute 



1.23 cubic feet per minute. 
Inside cross-sectional area of 1 V^-inch pipe*. 0104 sq. ft 



\ 



>io i\ (v=2W 






0104 



118 feet per minuti 



TaKI I. A I [ON 01 R M.jt'lKI-.MKN i 

It i- well at his point to summarize the data so far obtained 

together with othei related data Such a tabluation K' vrs : ' com- 
plete picture of the supply and circulation system and serves 

heck against tl omii m of an item in the discussion "I tl 
tern urchase of material. It also al rds sufficient data i<»r tb< 

election of pump niters, sterilizer cooling tanks. et< 






Circuit 


Length 

Feet 


Tipe 
Size 

Inches 


Em- 
ployees 


Velocity 

Feet 

per 

Minute 


Line 

Loss 

B. c. u. 


Water 
Used 

Gallon 

per 
Hour 


Water 
Circu- 
lated 

Gallon 
Hour 


Pum p 
Gallon 

per 
Minute 


Friction 
Head 

Pipe* 


Friction 

Head 
Fittings 


Grav- 
ity 
Head 


No. I 


2000 


1 


300 


157 


14400 


75 


347 


7.03 


96 


13 





No. 2 


600 


1 


100 


48 


4330 


25 


104 


1 2.16 


6 


2 





Main 


200 


IK 




11.8 


1640 








5 


3 


18 


Totals 


2600—1" 
200— 1 "4" 


400 




20370 


100 


451 


9.19 


107 


18 


18 



* — Sec Friction Table on page 44. 
No. of fittings, 5% of feet of pipe. 



TOTAL HEAD 143 Feet 



Refrigeration — The refrigeration required is that which is 
necessary to cool the make-up water and the returned circulated 
water from their entering temperatures to the tank temperature; or 
in other words, to extract the heat brought in by the fresh water 
supply and that absorbed along the lines, in pumps, and other 
apparatus. 

In the Main Circuit, the temperature of the supply water is 45°, 
making a temperature difference of 50° (95—45). The heat absorption 
through 1J4" I ce Water Thickness Cork Covering is .173 B.t.u. 



100X. 173X50 = 865 B.t.u. per hour. 

The temperature of the return water being 50°, the temperature 
difference is 45° (95-50). 

100X. 173X45 = 778 B.t.u. per hour. 

Quantity of water supplied to circuits is: 

Circuit No. 1—422 gal. X 8.3 = 3500 pounds 
Circuit No. 2—129 gal. X 8.3 = 1070 pounds 



per hour 
per hour 

Total _ 4570 pounds per hour 



Since the heat absorption in the main supply is 865 B.t.u. and 
1 B.t.u. is required to raise the temperature of 1 pound of water 1 
degree, the rise in temperature in the supply line will be 

865 -=-4570 = .19 degrees. 



As the water is to enter the circuits at 45° its temperature in the 
tank must be 



45° -.19° = 44.81° 
Quantity of water returned is 



Circuit No. 1 
Circuit No. 2 



347X8.3 
104X8.3 



2880 pounds 
866 pounds 



per hour 
per hour 



Total 3746 pounds per hour 



Rise in temperature in main return 
778-i-3746=.21 degrees. 

Temperature of return water at tank 



50° + .21° = 50.21 degrees. 
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Assume the temperature of water from the source of supply 
(well or city line) to be 75 degrees. It will be necessary to cool this 
fresh, or make-up, water from 75 degrees to 44.81 degrees, and to 
cool the return water from 50.21 degrees to 44.81 degrees. There 
will also be small losses from the pump, tanks, and other equipment. 

The total water used and wasted is 

100 gallons X 8.3 =831 pounds per hour, to be cooled 

30.19 degrees (75-44.81). 

830X30.19 = 25,000 B.t.u.-heat removed from make- 
up water. 

Total return water is 

452 gallons X 8.3 = 3750 pounds per hour, to be cooled 

5.4 degrees (50.21-44.81). 

3750x5.4 = 20,200 B.t.u.-heat removed from return 
water. 

Total heat to be removed 

25000+20200 = 45,200 B.t.u. per hour. 

Since one ton of refrig- 
eration is the equivalent 
of 288,000 B.t.u. per 24 
hours, 

45,200x24-288,000 = 

3.76 tons — refrigeration 
required to cool the entire 
water supply. 

This example is given 
to illustrate the method 
of calculating the cooling 
effect required and the 
amount of refrigeration 
shown is only that needed 
tor the make-up water 
and line losses. 

Actual calculations for 
specific cases and the se- 
lection of machine sizes 
must be left to the refrig- 
eration contractors esti- 
mating on the work. 




The Nonpareil Cork covered lines in the 
of the Manning Paper Company, 
Green Island, N. Y. 



plant 
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Properties of Saturated Ammonia 

Adapted from IL S. Bureau of Standards Tables 




Gage 

Pressure 
bs./sq. m. 



Temp 

° r. 



Absolute 

Pressure 

Ibs./sq. in. 



Volume 

Vapor 

cu. ft. /lb 



Densit\ 

Vapor 

Ibs./cu. ft. 



Heat Content 



Liquid 

B.t.u. lb 



\ apor 
B.t.u. H- 



La r t - nt 

Hear B.t.U 

per lb. 












20* 
15* 
10* 

5* 



5 

10 

15 
20 
25 
50 

40 

45 
50 
55 
60 
65 

70 
75 

80 
85 
90 

95 

100 
110 
120 
130 
140 
150 
160 

170 
ISO 
190 
200 
225 
250 
275 
300 



63.9 
51.4 
42.1 
34.5 
28.0 
-17.2 

- 8.4 

- 1.0 

5.5 
11 ^ 

16.6 

21.4 
25.8 
^0.0 

33.8 

40.9 

44.2 
17 5 
50 5 
53.1 

55.9 

58 5 

61 1 

63 5 

72.6 
76 . 7 
80.6 

84.4 

88.0 

91.4 

94.7 

97.8 

100.9 

108.0 

114 

120.8 

126.5 



4.9 
7.4 
9.8 
12.2 
14 7 
19.7 
24.7 
29.7 
34 .7 
39.7 
44 7 
49.7 

54.7 

59.7 
64 . 7 
69.7 
74.7 
79.7 
84.7 
89.7 

94 . 7 
99.7 

104 7 
109.7 
114 7 

124.7 
134 7 
144 7 

154.7 

164.7 

174 7 
1X4.7 
194 7 
204 7 
214 7 
239.7 

264.7 

289.7 
14 7 



50.5 

34.5 
26.3 
21.4 
1 8 . 
13.7 

11.1 

9.32 
8.06 
7.11 
6.35 

5.74 

5.25 

4.83 
4.48 
4.17 
3.91 
3.67 
3.47 
3.2K 
3.11 
2.96 
2.X2 
2 70 

2.= 1 ' 
2 39 

2.21 
2.0'. 
1.93 

1.82 
1 72 
1 62 
1.54 

1.47 

1.40 

1.25 

1 13 
1 . 03 

.95 



.0198 
.0290 
.0380 

046- 

.0555 
.0730 
0902 
.107 

.124 
.141 

158 

.174 
.191 
.207 

224 
. 240 
.256 
.273 

289 
.305 

322 
.338 
.3=4 
.370 
.287 

419 

.452 

.484 
.517 
.550 
.582 
.615 
.648 
681 
.714 
.797 
.881 
.966 
1.052 



25.3 
12 2 
2.2 
5.9 
12 s 
24 4 
33 8 
41.9 
48.9 
55 . 3 

61.0 

66.3 

71 2 
75.7 
SO 

84 . 
87.8 
91 5 
94 9 
98 ^ 

101 5 
104.5 
107 5 

110 4 

113.2 
118.5 

123 5 
128.2 

152 7 

137 
141.1 
145 1 
148 9 
152.6 
156 2 

164 I 

172 i 

1 79 9 

187.0 



588.0 
593.1 
596.8 
599 6 

602 . 1 
606.0 
609 . 
611.4 
613. 5 

61 5 i 
616.8 
6ix 2 

619 4 

20 : 

621.5 
622.4 

'■2 5 2 

624.0 
24.6 

25 

625 9 

626 = 

i,27 i) 

• 27 5 

62s o 

2 s s 
29 

2 

630.8 
631 

632 1 

'-2. ; 

632.8 
63 5 | 

633 6 
633.9 

634 
63 = 9 



613.3 
605.3 
509 . 
593.7 
5 s9 . 3 
581 6 
-75 .2 

=96.5 
564.6 
560 
555 
551.9 
548 2 
=44 8 
= 41 ; 

: ^ 4 

= 5; i 

= 32 5 

29.7 

= 27 

; 24. 1 
^22 

5 19 = 
17 I 

= 14 
5]n 1 

= 06 O 

=02 
498.1 
494 

490.7 

487 

483 6 
480 2 
476.9 
469 
461 

4=4 1 

446 9 



* Inches of mercury below one standard .itmosplmt . >1 in.) 
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Properties of Saturated Carbon Dioxide 

(Amagat — Mollier) 
Reprinted by permission fmm (Cent's Mechanical Engineers' Handbook, I « nr h Edition 



I ■ mpera- 
ture 

I). B I. 



— 21 

—13 

— 4 

+ : 
14 

32 
41 

77 
87 



8 
I 



Pressun 
Vbsolutt 
Lb, pei 

Sq. In. 



213 

24S : 

288 

333 7 

384 8 

440 2 

502 7 
573 
( 18 

7 ; : 7 

B25 

928 7 

1" 

1060 7 
1069 



\ oliimc 
l *u I 1 . 
per Lb. 



432 
3674 

.3132 
2674 

.22m. 

.1952 
.1669 

.1422 

1205 

Klld 

0840 
0672 

on 

0412 
034 



\\ \ ight 

Lb. pei 

ii It. 



Latent Heat Above 32 F., B.t.u. per I h 



of Liquid 



o I \ a pi 



2.32 
2.73 
3.19 

3 74 

4 ; " 

5.1.2 
6 00 
7.03 

8.30 
9.90 

11 ( >2 

14 s; 
21 09 

24 27 

25 95 



25 72 
21 87 
17 87 
13 73 
9 3 

4 X2 

00 

; 17 
U) 7 
17 01 
24 21 

J 3 19 

4 7 50 
53 77 

1 i 



126.13 

122 67 
IIS 8< 
114 71 

110 12 

105 04 
99 34 

92 91 
85 54 
76 84 
66 15 
51 91 
26 ss 
15 in 

0(> 



■t.ll 



100 

Kin 

100 

100 

ion 

ion 

9 

9( 

9 
90 

8 

74 
61 



14 

80 

►8 
.74 
2 

l 

OS 

: 

.36 
10 

18 
si 
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Propi ktii s <>i Sai urated Sulphur Dioxide 

(Caillefc 1 and Mathias) 

Rt inted bj nisi m from Kent's Mnluimcal I rig in ten Handbook! ItniL Kdition 
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Pressure of Water at Different Heads 

Reprinted by permission from Bulletin 112, Goulds Manufacturing Company 

Feet Head of Water and Equivalent Pressure 



Feet 

Head 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

20 
30 

HJ 

Ml 



Pounds 
per Sq. In 



1 

2 

3 

4 

5 

6 
7 

8 

•' 

10 
15 

20 
25 
50 



Pounds 

per Sq. In. 



.43 
.87 

l.MI 

1.73 

2.17 

2. (»'..) 
3.03 
3.40 

3 . 90 
4.33 

8 66 
12 99 
17.32 

2 1 65 



Feet 

1 1 ead 



60 
70 

SI) 
'![) 

100 
110 
120 
130 
140 
150 
160 
170 

INI) 

190 



Pounds 

per Sq. In. 



25 99 
50.32 
34.65 
38.9 

4 I 

47.64 

51 97 

56 50 

60.63 
64 ''6 
69 2 

-, 63 

77.96 

Nj 29 



Fen 
Head 



200 

::; 

250 

275 
300 

525 
5 51) 
400 

5(H) 

( ,( II i 

700 

■SOO 

900 

1 .000 



Pressure and Equivalent Feet Head of Water 



I eet 
Head 



2.31 

4.62 

6 93 

9 2 4 

11.54 

15 85 

16.16 

18.47 
20.78 
2 3 . 0' ' 
54.63 
46.18 
57.72 

69.27 



Pounds 
per Sq. In. 



40 

M) 

70 

SO 

<>U 

100 
110 

120 

125 

MO 
140 

150 
160 



I- ee t 
I lead 



92.36 
115 45 
1 38 54 

IM i 

184 72 

2o7 s| 
25o 90 

253.98 

277.07 

288.6 

300.1'. 

.525.25 

546.34 

369 -I : 



Pounds 
pur Sq. In. 



170 
ISO 
190 

200 
225 
250 

27 : 

500 

5 2 5 
3 51 1 
575 
400 
500 
1,000 



Pounds 
per Sq. In 



86.62 

97 45 
108.27 

119.10 
129.93 

140 ?; 
151 .58 

173 24 

216.55 

259 . 8 ; 

303 16 

54'.. 47 
;s-i 7.s 
1M.09 



Feet 

Head 



;g 2 >2 

415.61 
438 90 

461 ' 
519.51 

577.24 
(.4.5 03 

692 ( - 
750 41 

S08 . 1 3 
365 . , 

922.5 

1154 4S 

2308.00 



Miscellaneous Conversion Tables 



1 gal. (U.S.) = 231 cu. in. 1 lb. = 4536 Kilograms. 
1 Imperial gal. ( British ) = 277.274 cu. in. 

1 cu. fr. water=1728 cu. in. = 62.355 lbs. at 62° 1- . 




Gal. 


Cu. Ft. 


Cu. In. 


Pounds 
Water 


Litres 


KlIoiMM ms 
\\ .11 er 


1 Gal, . ... 


1.000 
7.481 
.004329 

.1199 

2(,\1 

. 2642 


.1337 
1.000 
.0005787 
.01604 
.03551 

.035 5 1 


231.0 
1728. 
1.000 

27.71 
61.02 
61.02 


8 5 57 

62.36 

1.000 
2.202 

2 202 


3.785 
28.32 

01639 
4541 

1 000 

1 000 


3.785 
28 U 
.01639 
4541 
1.000 
1 000 


1 Cu. ft 

I Cu. in. 

1 Pound . . 


1 Litre . _ 


1 Kilogram _ 




Gal. 
Per Sec. 


Gal. 
Per Mm. 


Cu. Ft. 

Per Sec. 


Cu. Ft. 

Per Min. 


Litres 

Per Sec. 




1 Gal. per Min 

1 Cu. Ft. per Sec 

1 Cu. Ft. per Min. . 
1 Litres per See 


1.000 

.01667 
7 481 
1247 

.2642 


60 00 
1 000 
448.9 
7 481 
15.852 


1337 

.002228 
1 000 
.OP • 7 
.035 5 1 


8.022 
.1337 

60 00 

1 000 

2 119 

4 


3 785 

063 0X 

28 52 

4720 

1 000 
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Representative List of Installations 

Hotels, Clubs and Apartments 



Lafavetre Hotel, Little Rock, Ark. 

w 

New Del Monte Hotel and Cottages, Del Monte, 

Calif. 

A. T. & S. F. Ry. Co.,— Harvey Houses, Los 

Angeles* Calif. 
I Iks, Club, Los Angeles, Calif. 
Encino Country Club, Los Angeles, Calif. 
Jonathan Club, Los Angeles, Calif. 
Senator Hotel, Sacramento, Calif. 
San Francisco Women's Club, San Francisco, 

Calif. 

Cosmopolitan Hotel, Denver, Colo. 
Army & Navy Club, Washington, D. C. 
I bhitt Hotel, Washington, D. C. 
(irace Dodge Hotel, Washington, D. C. 
Hotel Raleigh, Washington, D. C. 
Meridian Mansions, Washington, D. C. 
Metropolitan Club, Washington, D. C 
New Willard Hotel, Washington, D. C. 
Shoreham Hotel, Washington, D. C. 
Washington Hotel, Washington, D. C. 

Atlanta Athletic Club, Atlanta, Ga. 
Atlanta Biltmore Hotel, Atlanta, Ga. 
Henry Grady Hotel, Atlanta, Ga. 
Robert Fulton Hotel, Atlanta, Ga. 

Bismark Hotel, Chicago, III. 

I i r el Block -Bismarck Hotel, Metropolitan 

Office BUlg., and Palace Theater), Chicago, 

III. 
Sherman House, Chicago, 111. 
Southern Hotel, Chicago. III. 

Hotel Black Hawk, Davenport, Iowa. 

Hot- I Fort Des Moines, Des Moines, Iowa, 
Hotel Saverv. Des Moines. Iowa. 

Columbia ( I ub, 1 ndia napoliSj I ml. 

Indianapolis Athletic Club, Indianapolis, Ind. 

BrOW u I [otel, Louisville, K v. 

lung Hotel, Nt\\ Orleans, La* 

Roosevelt Hotel, New Orleans, La. 

\\ ashington 1 Ion 1, Shreveport, La 

Belvedere Hotel, Baltimore. Mel 
Caswell Hotel, Baltimore, Md. 
I merson Hotel, Baltimore, Md. 
Il^rel Rennert, Baltimore, Mil. 
New Howard Hotel, Baltimore, Md. 
Southern Hotel, Baltimore, Md. 
Stafford Hotel, Baltimore, Md. 
Chevy Chase Club, Chevy Chase, Md. 

Post Tavem, Battle (reek, Mich 

Webster Hall (Apartment Hotel), Detroit, Mich. 

Masonic Temple, Detroit, Mich. 

Morton Hotel, (Irand Rapids, Mich. 

Pantlind Hotel, Grand Rapids, Mich. 

Fdwards Hotel, Jackson, Miss, 

Alladdin Hotel. Kansas City, Mo. 



Kansas City Athletic Club, Kansas City, Mo. 
Kansas City Club, Kansas City, Mo. 
Newborn Hotel, Kansas City, Mo. 
Chase Hotel, St. Louis, Mo. 
Coronado Hotel, St. Louis, Mo. 
Fairmont Hotel, St. Louis, Mo. 
Forest Park Hotel, St. Louis, Mo. 
Gatesworth Hotel, St. Louis, Mo. 
Jefferson Hotel, St. Louis, Mo. 
Melbourne Hotel, St. Louis, Mo. 

Cornhusker Hotel, Lincoln, Nebr. 
Lincoln Hotel, Lincoln, Nebr. 

Franciscan Hotel, Albuquerque, New Mexico. 

Buffalo Athletic Club, Buffalo, N. Y. 
Lafayette Hotel, Buffalo, N. Y. 

Roosevelt Hotel, New York, N. Y. 
Niagara Hotel, Niagara Falls, N. Y. 
Seneca Hotel (addition), Rochester, N. Y. 
Van Curler Hotel, Schenectady, N. Y. 

Hotel Charlotte, Charlotte, N. C. 

O'Henry Hotel, Greensboro, N. C. 
Sheraton Hotel, High Point, N. C. 
Robert L. Lee Hotel, Wi nston-Salem, N. C. 
Zin/.endorf Hotel, Winston-Salem, N. C. 

Ashtabula Hotel, Ashtabula, Ohio. 
Business Men's Club, Cincinnati, Ohio. 
Gibson Hotel, Cincinnati, Ohio. 

Cleveland Hotel, Cleveland, Ohio. 

Olmstead Hotel, Cleveland, Ohio. 

Winton Hotel, Cleveland, Ohio. 

Deshler Hotel, Columbus, Ohio. 

Y. M. C. A. Building, Columbus, Ohio. 

Greystone Court Apartments, Columbus, Ohio. 

Miami Hotel, Dayton. Ohio. 

Eugene Hotel, Eugene, Ore, 

Benson Hotel. Portland, Ore* 
Multnomah Hotel, Portland, Ore. 
University Club, Portland, Ore. 

Brunswick Hotel, Lancaster, Pa. 

Benjamin Franklin Hotel, Philadelphia, Pa. 

Y. M. C A. Building, Philadelphia, Pa. 

Francis Marion Hotel, Charleston, S. C. 

Farragut Hotel, Knoxville, Tenn. 
Peabody Hotel, Memphis, Tenn. 

Dallas Athletic Club Building, Dallas, Texas. 

Jefferson Hotel, Dallas, Texas. 

Melrose Court, Dallas, I * xas. 

Stoneleigh Court, Dallas, Texas. 

Y. W. C. A. Building, Galveston, I la is. 

Plaza Hotel, Houston, Texas. 

Davenport Hotel, Spokane, Wash. 

Cordner's Cafeteria, Montreal, Quebec, Canada. 
Mount Royal Hotel, Montreal, Quebec, Canada. 
Windsor Hotel, Montreal, Quebec, Canada. 
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Manufacturing Plants 



Tennessee Coal, Iron & R. R. Company, Fair- 
field, Ala. 

Tennessee Coal, Iron & R, R. Company, Ensley, 
Ala. 

(loodvear Tire & Rubber Company, Los Angeles, 
Calif. 

The Fleischmann Company, Langdon, D, C. 
Corby Baking Company, Washington, D. C. 
General Baking Company, Washington, D. C. 
Holmes Bakery, Inc., Washington, D. C, 

The Ford Plant, Jacksonville, Fla. 

Union Electric Light & Power Company, 
Cahokia, III 

Crane Company, Chicago, 111. 

Western Shade Cloth Company, Chicago, 111. 

General Electric Company, Fort Wayne, Ind. 
American Sheet & Tin Plate Company, Gary, Ind. 

Belknap Hardware & Mfg. Company, Louisville, 
Ky. 

City Baking Company, Baltimore, Md. 

Horn &: Horn, Baltimore, Md. 

Koesters Bakery, Baltimore, Md. 

Mount Vernon Woodberry Mills, Baltimore, Md. 

Rice Bakery, Baltimore, Md. 

Schmidt Bakery, Baltimore, Md. 

Standard Sanitary Mfg. Company, Baltimore, 
Md. 

Bethlehem Steel Company, Sparrows* Point, Md. 

C. A. Briggs Company, Cambridge, Mass. 

Pocassett Manufacturing Company, Fall River, 
Mass. 

Seaconnet Mill, Fall River, Mass. 

Sanford Spinning Company, Fall River, Mass. 

Arcadia Mills. Lawrence, Mass. 

Arlington Mills, Lawrence, Mass. 

Aver Mills, Lawrence, Mass. 

Monomac Spinning Company, Lawrence, Mass. 

Pacific Mills. Lawrence, Mass, 

Prospect Mills, Lawrence, Mass, 

Wool Worsted Mills, Lawrence, Mass. 

Hamilton Mfg. Company, Lowell, Mass. 

Tremont & Suffolk Mills, Lowell, Mass. 

Butler Mills, New Bedford, Mass. 

Manomet Mills, New Bedford, Mass. 

Nashawena Mills, New Bedford, Mass. 

Nonquitt Spinning Company, New Bedford, 
Mass. 

Quissett Mills, New Bedford, Mass. 

Sharp Manufacturing Company, New Bedford, 
Mass. 

Soule Mill, New Bedford, Mass. 

Stevens Mills, M. T. Stevens Company, North 
Andover, Mass. 

Ayer Mills, Mill No. 7, Shawsheen, Mass. 

Atlantic & Pacific Tea Company, Somerville, 

Mass. 

Judson-Thompson Mfg. Company, Waltham, 

Mass. 



Cadillac Motor Company, Detroit, Mich 
Ford Motor Company, Detroit, Mich, 

American Car & Foundry Company, St. Louis, 
Mo. 

International Shoe Company, St. Louis, Mo. 
Peters Shoe Company, St. Louis, Mo. 

St. Louis Manufacturing Corporation, St. Louis, 
Mo. 

Union rllectric Light & Power Company, St. 
Louis, Mo, 

United Drug Company, St, Louis, Mo, 

American Lithographing Company,Buffalo,N.Y. 
DuPont Fibre Silk Company, Buffalo, N. Y. 
Ralston Purina Mills, Buffalo, N. Y. 
Russell-Miller Milling Company, Buffalo, N. Y. 
Carborundum Company, Niagara Falls, N. Y. 
Eastman Kodak Company, Rochester, N. Y. 

Rochester Gas & Electric Corporation, Rochester 
N, Y. 

Yawman & Erbe Mfg. Company, Rochester,N . Y 
General Electric Company, Schenectady, N. Y. 
Otis Elevator Company, Yonkers, N. Y, 

Wiscasset Mills, Albemarle, N. C. 
Tallassee Power Company, Badin, N. C. 
Carolina Bakery, Charlotte, N. C. 
Chadwick-Hoskins Mills, Charlotte, N. C. 
Durham Hosiery Mills, Durham, N. C. 
Proximity Mills, Greensboro, N. C. 
Revolution Cotton Mills, Greensboro, N. C. 
Cabarrus Cotton Mills, Kannapolis, N. C. 
Cannon Mills, Kannapolis, N. C. 

Gooyear Tire & Rubber Company, Akron, Ohio. 
Lunkenheimer Company, Cincinnati, Ohio, 
National Acme Company, Cleveland, Ohio. 
Sharon Steel Hoop Company, Youngstown, Ohio. 

Westinghouse Electric & Mfg. Company, East 
Pittsburgh, Pa. 

Bethlehem Steel Company, Lebanon, Pa. 

McKeesport Tin Plate Company, McKeespon. 
Pa. 

Standard Sanitary Mfg. Company, New Castle, 
Pa. 

H. C. Aberle, Philadelphia, Pa. 

Freihofer Baking Company, 24th & Master 
Streets, Philadelphia, Pa. 

Freihofer Baking Company, 20th & Indiana 

Avenue, Philadelphia, Pa, 
General Baking Company, Philadelphia, Pa. 
General Electric Company, Philadelphia, Pa. 
Philadelphia Carpet Mills, Philadelphia, Pa. 

Philadelphia Electric Company, (Delaware Sr.i- 
tion), Philadelphia. 

Philadelphia Electric Company, (Thurlo Sta- 
tion), Chester, Pa- 
Philadelphia Electric Company, (New Richmond 
Station), Philadelphia, Pa. 

A. M. Byers Company, Pittsburgh, Pa. 
National Tube Company, Pittsburgh, Pa. 
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William Luden. Inc.. Reading, Pa. 

Jones & Laughlin Steel Compan\. Woodlawn, Pa. 

II. ^ B. American Machine Company, Paw- 



tucket, R. I. 

Pacific Mills, Columbia, S. C. 

Woodruff Cotton Mills. Woodruff, S. t 



Office Building 



rexarkana National Bank Building, Texarkana, 

Irk 



Southern California Ti If phone Companj . Los 
\i \ ( alif. 

Pacific Telephone ^ telegraph Company, San 
Y rancisco, Calif. 

( ontinental Oil Building, Denver, Colo 
Mountain States telephone \ Tclr^iaph Com- 

pan\ . I >l nvtr, (\>Io. 

Pai u rson Building, Denver, Colo. 

Homer Building, Washington, 1) C 
Mini-. Building. W ashington, 1). C. 

I > ilumi Tnwi r. Chi< igo, HI 

Wild Bank Building, Indianapolis, InJ. 

M« hants National Bank Buildiri CYdai 
k apids, low a 

.1 I . Oflia Buildin [\ cka ICans. 

Giddt ns 1 i m Buildir Shrcvi I a 

lai • Building, Shn v . port, La. 

Baltin - ' •• H ' il Building, Balnnno. 

M.I 

/. ns Natii tl Bank Building, Baltin re, Mil 
mini ntal I f Build Baltimore Md, 
I !( .« I ci Buildin Bah i more, Md 

1 i land ' lit \ B Idin Baltinnu . Md. 

Mm \ Building Baltin M I 

\ \ i I i "in mm rc« Buildmj Bust * >i 

Mass 

I n ■ Pn Build Dei M 

(irncral I i Building, Detroit, Mich. 

M< ! r [>oll I h Bin Id in. . I) 

B ildmic Dei 

I Buildin] I A 

IK B ioi I • i 

V • ' - B Iding, St I •• i Mo 

M :s* h 'iildm . t . I I 



Paul Brown Building, St. Louis, Mo, 

Planters Building, Si Louis, Mo. 

Southwi r Bell Telephone Company, Si I mis, 

Mo. 

Medical Irts Building, Omaha, Nebr. 

Union Pacific Railroad Building, Omaha. Mebi 

Woodmen of tin* World Building, Omaha, Ncbi 

First National Bank Building, Albuquerque, N 

Mexu •• 

New York telephone Company Building, 
Brookl) n t N Y. 

Genesee Building, BuHalu. \ Y. 
Wallo.dgc Building, Buffalo, N Y 
Singei Building, New York, N Y. 

( bemical National Bank Building, iV w York, 

V V 

Professional Building, Raleigh, N C, 

M unicipal Building, Akron, < Hiio 
Dixit terminal Building, Cincinnati, Ohio 
Union Central Building, Cincinnati, Ohm 
( luardian Building, Cl« vi land. ( )hio. 
I niun Trust Building, Clevi land, < Miio 

Northwestern Bank Buildo Portland, ( 'i< 

Bill telephone Building, Harrisburg, Pa 

Bill telephone Company, Philadelphia, Pa 

Public Li dgi i Building, Philadi Iphia, Pa 

I m« k Building & I ink \rint \. Pittsburgh, Pa 

'/tin I inns Building, Pittsburgh, Pa. 

Union Vrcadi Building. Pittsburgh, l\i 

I nion National Bank Build in burgh, Pa 

tatd National Bank Uuildm ' 1.1..111... I.y 

M .. I1.1 Buildin Dallas, I 1 icai 

Mi Ik al \ 1 1 s Buildi I I lias, I I 

\«L. Hu ing, P>ut \n Ion, I 1 sal 

ilumbian M ut ual rowei Buildin Mi mphi 

I • 1 

C ! Buildin Huntinymn, W v a 

NcV in Llfl main « Buildn 

Qui \ ■ Can Li 



I'l BLK Hi 1LM\<, 



\\ 1 ) ( 

Santa 

• • . . \ . - I I 

I S 1 H \ I \1 



I' .... 1 iff 



I. 'If: 



Muno I H \i w Y01 k. N N 

k 1 Court H It, ft 

1 S P 1 OH P rtland, 

(nil 1 B Phil phia, I 

Build Pa 

| | . 






Schools and Colleges 



United States Naval Academy, Annapolis, Md. 

Johns Hopkins School of Hygiene, Baltimore, 
Md. 

Mount St. Agnes College, Baltimore, Md. 



Technical High School, Omaha, Nebr. 



University of Oregon Medical Building, Portland, 
Ore. 

Kutztown State Normal School, Kutztown, Pa, 
Millersville State Normal School, Millersville, Pa, 

Scottish Rite Dormitory for Girls, Austin, Texas. 



Stores 



Radin & Kamp, Fresno, Calif. 

The May Company, Los Angeles, Calif. 

Daniels 8c Fishers, Denver, Colo. 

Denver Dry Goods Company, Denver, Colo. 

Brownlev's Confectionery Stores, Washington, 

D. C 

S, Kann's Sons Company, Washington, D. C. 
Lansburgh &: Brother, Washington, D. C. 
Woodward & Lothrop, Washington, D. C. 
Killian Store, Cedar Rapids, Iowa. 
Bernheimer-Leader Stores, Baltimore, Md. 



Hochschild, Kohn & Company, Baltimore, Md 

The Hub, Baltimore, Md. 

Hutzler Brothers, Baltimore, Md. 

Bier Brothers, Buffalo, N. Y. 

Sibley, Lindsay & Curr, Rochester, N. Y. 

The May Company, Cleveland, Ohio. 

Wm. Taylor & Son, Cleveland, Ohio. 

Gimbel Brothers, Philadelphia, Pa. 

Strawbridge & Clothier, Philadelphia, Pa. 
Sanger Brothers, Dallas, Texas. 



Government Buildings 



Department of Agriculture, Washington, D. C. 

Department of Commerce, Washington, D. C. 

Department of the Interior, Washington, D. C. 

Executive Mansion, (White House), Washington, 
D. C. 

Library of Congress, Washington, D. C. 

National Museum, Washington, D. C. 

Quartermaster Corps, U. S. Army, Munitions, 
Washington, D. C. 

Walter Reed General Hospital, Washington, D.C. 

U. S. Bureau of Engraving & Printing, Washing- 
ton, D. C. 

U. S. Bureau of Standards, Washington, D. C. 

U. S. Capitol, Washington, D. C. 

U. S. Coast & Geodetic Survey, Washington, 
D. C. 



U. S. Department of Fish & Fisheries, Washing- 
ton, D. C. 

U. S. Government Printing Office, Washington, 

D. C. 

U. S. Naval Hospital, Washington, D. C. 

U. S. Naval Observatory, Washington, D. C. 

U. S. Naval Proving Grounds, (Indian Head, 

Md.) 
U. S. Navy Department Building, Washington, 

D. C. 

U. S. Patent Office Building, Washington, D. C. 

U. S. Senate & House Office Building, Washing- 
ton, D. C. 

U. S. Soldiers Home, Washington, D. C. 

U. S. Treasury Department, Washington, D. C. 

State War & Navy Department Building, 
Washington, D. C. 



Hospitals 



A. T. & S. F. Ry, Co. Coast Lines Hospital, 
Los Angeles, Calif. 

New Providence Hospital, Oakland, Calif. 

Sisters Hospital, Sacramento, Calif. 

Sibley Hospital, Washington, D. C. 

St. Mary's Hospital, Evansville, Ind. 

St. Joseph's Infirmary, Louisville, Ky. 

Hebrew Hospital & Asylum, Baltimore, Md. 

Johns Hopkins Hospital, Baltimore, Md. 

Mercy Hospital, Baltimore, Md. 

Union Memorial Hospital, Baltimore, Md. 

Massachusetts General Hospital, Boston, Mass. 

Henry Ford Hospital, Detroit, Mich. 



Blodgett Hospital, Grand Rapids, Mich. 

Butterworth Hospital, Grand Rapids, Mich, 

St. Mary's Hospital, Grand Rapids, Mich. 

St. Joseph's Hospital, Kansas City, Mo. 

Liberty Hospital, St. Louis, Mo. 

Missouri Pacific Hospital, St, Louis, Mo. 

St. John's Hospital, St. Louis, Mo. 

St. Mary's Hospital, St. Louis, Mo. 

A. T. & S. F. Railway Hospital, Albuquerque, 

N. Mexico. 
Babies & Maternity Hospital, Cleveland, Ohio. 
Multnomah County Hospital, Portland, Ore. 
West Penn Hospital, Pittsburgh, Pa. 
Reading Hospital, Reading, Pa. 



Miscellaneous 



Pacific Southwest Bank, Fresno, Calif. 

Hellman Bank, Los Angeles, Calif. 

A. T. & S, F. Railway Company Shops, 
Bernardino, Calif. 

Elite Laundry, Washington, D. C. 



San 



Church Home & Infirmary, Baltimore, Md. 

Geo. B. Evans Warehouse, Philadelphia, Pa. 

First Baptist Church, Dallas, Texas. 

Rice Institute (Chemical Building), Houston, 
Tex. 
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The Armstrong Line 



Armstrong's Corkboard — For the insulation of cold storage plains, roofs 

residences, tank cars, etc. 

Nonpareil Cork Covering — for all cold lines 

Nonpareil High Pressure Covering, Blocks and Cement — for steam lines, 

I i rs, furnaces, ovens, etc. 

Nonpareil and Armstrong's Insulating Brick — for boiler settings, kilns. 

Furnaces, etc 

Nonpareil Still Insulation — For pressure stills and other refinery equipment 

Armstrong's Nonpareil Machinery Isolation — for deadening vibration and 

noise under fans, motors, machinery, etc 

Armstrong's Cork Tili for rioors in hanks, libraries, churches, offices, etc 
I.i\. .j ii i Fi oors — for offices, hanks, public buildings ami lulls, homes, < t< 

ClRCLl \ C<'RK BRICK For dairy hams and hog houses 
\rMSTRONcN I.inoi i i m — plain, printed, inlaid, linoleum fUgS, etc. 



Arm 



ng's Corks — of all descriptions 



Korxoi \ — Hi nible • rk innersoling for sh< s 

Armstrong's Cork Gaskets and Washers— foi automobiles and othei 

II UK hllH I \ 

V ISTRONG f S m ami.i 58 i i 'RK Co j B — for covering textih rolls 

Armstrong's ( ork Box Toi s — for soft tots in shoes 



Bungs .md '1 



Insoh 

( arbun tor, Oil and r Sasoltne Floats 



I l.mdlc 



Bath tnd Table Mats 



Lift Pi rvti 



l)IJ()\ s 



^ lit 1 i nch i 



t <K I c IALTIES I \ i IO I)i sc I Mo 



I A. 






